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Introduction
Viet Nam has been an impressive success story in terms of growth and poverty reduction since the Doi Moi reforms, initiated in 1986 and accelerated from the early 1990s. Per capita GDP grew at an average rate of 5.0 per cent from 1986 to date, and of 5.5 per cent from 1992 onwards. At the same time there was a dramatic fall in monetary poverty. According to the US$1.90 poverty line, the poverty headcount fell from 49.2 per cent of the population in 1992 to only 3.1 per cent in 2014, one of the fastest rates of poverty reduction in the world. More recent data finds the national poverty headcount, computed relative to a recently reset poverty line, fell from 20.7 per cent in 2010 to 9.8 per cent in 2016. Rural areas very much shared in this impressive poverty reduction, falling in the recent period from 27.0 per cent in 2010 to 13.6 per cent in 2016 (World Bank, 2018a) . This period was accompanied by a major structural transformation, with the share of agriculture falling from 37.3 per cent in 1986 to 32.1 per cent in 1992 to 17.7 per cent in 2016. However, it is important to note that the share of agriculture was still substantial in 2016, and the average growth in value added in agriculture was 3.7 per cent per year between 1992 and 2016 (World Bank, 2018b) . The agricultural sector itself has undergone an important structural transformation over this period as well. Productivity has increased substantially, and the levels of productivity of many crops compare favourably with other important producing countries in Asia and worldwide (World Bank, 2016) . Viet Nam moved in the early 1990s from being a net importer of rice, which has always been its dominant crop, to becoming a major net exporter. It is now the fourth biggest rice exporter worldwide. At the same time Viet Nam has become an important producer of other products including coffee, fish, and shellfish. Without doubt the agricultural sector has been a very important contributor to growth and exports in Viet Nam over the past 30 years.
While the transition into non-farm activities within rural areas has been a major driving factor behind the rapid rural poverty reduction (Kinghan and Newman, 2017) , the substantial progress in agriculture and its shift from mainly subsistence to increasing commercialization have also played a great role in improving rural living conditions. This issue has been much less studied and in this paper we make use of the five waves of the Viet Nam Access to Resources Household Survey (VARHS) panel data set to consider the extent to which this increased commercialization is associated with improvements in welfare levels of rural households, considering both more short-term welfare measures (food consumption, income) as well as longer term measures (asset holdings).
Our contribution is based on the use of high-quality panel survey data on rural smallholder farmers, which enables us to control for unobserved heterogeneity across farmers. The survey covers an 8-year period from 2008 to 2016, including the period of the major food price rise -which impacted Viet Nam positively in aggregate but not for all individual farmers (McKay and Tarp, 2015) . This time span also allows short-term fluctuations and medium-term impacts to be distinguished. While agricultural commercialization in Viet Nam took many forms, in this paper we focus on rice, a crop produced by most smallholder households and sold by many. It is also grown throughout the country as opposed to cash crops, for instance coffee, which are mainly grown in some specific regions. Rice in Viet Nam is cultivated both as a food and a cash crop, for both domestic and export markets, and sold across a diverse range of channels. Thus, compared to most of the literature on commercialization, which tends to focus on cash or export crops, or on particular forms, such as contract farming, we examine a more comprehensive concept of commercialization. We measure commercialization as the share of rice output that is sold, and as the relative weight of rice sales over total household income, and we focus on heterogeneity of impacts between farmers with different characteristics, based both on the characteristics of the households (gender of head, ethnicity) and the nature of their engagement with the market. Understanding this heterogeneity may help improving the ability of commercialization to be a driver for income growth and poverty reduction.
We find evidence, based on a fixed-effects model, that households who sell a higher proportion of the rice they produce accumulate more assets, and that this result is particularly striking for households who sell on a regular basis. Household income and food consumption are not significantly affected. When we look at a second measure of commercialization, that is, the ratio of rice sales relative to gross household income, the results are different; this measure does not have a significant impact on asset accumulation and is often associated with lower levels of household income. This result is likely to reflect the increasing importance of wage and nonfarm income in helping to make rural Vietnamese households better off. This paper is structured as follows. Following this introduction, section 2 reviews the relevant literature in this field. In section 3 we introduce the data and how we use it, and we present an indepth descriptive analysis. Our modelling approach is set out in section 4, after which section 5 highlights our results. Section 6 concludes.
2
The literature on impacts of agricultural commercialization
Defining agricultural commercialization
Agricultural commercialization may be defined as the degree to which a farm household is connected to markets. This connection can be observed at any given point in time, or as a dynamic process whereby a household increases its interaction with input or output markets over time (Jaleta et al. and, 2009 ). The concept of agricultural commercialization is a continuum. At one extreme, fully commercialized households make production decisions based on market signals and comparative advantage; at the other, subsistence farm households make production decisions based on their semi-fixed factor endowments and subsistence requirements, selling only the surplus left after household consumption requirements are met (Pingali and Rosegrant, 1995) .
The literature has used various measures to qualify a farm household as commercialized, including whether it is producing a significant amount of cash commodities, or selling a considerable proportion of agricultural output. A definition of commercialization focused on resources allocated to cash crops may be misleading, as food crops are also often sold. Von Braun (1994) defined three indices for measuring different and complementary aspects of commercialization: (a) the proportion of agricultural output sold to the market and input acquired from market to the total value of agricultural production; (b) the ratio of the value of goods and services acquired through market transactions to total household income, including in-kind transaction; and (c) the ratio of the value of goods and services acquired by cash transactions to total household income. These indices, especially variations of the first two, are the measures of commercialization most widely used in the literature.
Impacts of commercialization
From a theoretical point of view, commercialization is expected to generate welfare gains at both household and aggregate levels. The gains derive, on the one hand, from static welfare effects of specialization and trade according to comparative advantage. These translate into income and employment effects directly reflected in household welfare, and into improvements in health and nutrition which are contingent on the level of income. On the other hand, dynamic gains derive from the growth in productivity arising from technological changes fostered by increased interactions and exchange of ideas (Barrett, 2008) .
Empirically, however, the question of whether agricultural commercialization has a positive impact on household welfare has not been settled yet, partly due to the empirical challenges to identification of a causal impact, and partly because impacts appear to be heterogeneous and highly specific to location and policy environments. When markets are imperfect, switching from subsistence to commercial agriculture may have negative impacts on household welfare by exposing households to volatile prices and food insecurity (Jaleta et al., 2009) .
Cross-section studies addressing endogeneity issues by controlling for self-selection into agricultural commercialization tend to find positive impacts of commercialization on various aspects of household welfare. Using an instrumental variable technique, Tipraqsa and Schreinemachers (2009) find that integration into output markets improves farm productivity and net per capita income among the Karen Hill tribes in Thailand, and Bellemare (2012) finds that participating in contract farming is associated with an increase in household income, a decrease in its variability, and a shortening of the hunger season experienced by households in Madagascar. Rao and Qaim (2011) , using an endogenous switching regression model, find positive effects of supplying to supermarkets on household income in Kenya, especially for households that are poor or own little land. Ogutu and Qaim (2018) use a control function method and find that commercialization significantly reduces both income and multidimensional poverty in Kenya, and that impacts are heterogeneous: while the magnitude of income gains increases with income, the magnitude of poverty reduction is strongest among the poorest households. Meanwhile, Romero and Wollni (2018) combine cross-sectional household data with longitudinal data on export market transactions. They estimate a duration model of smallholders' entry and exit from the market for broccoli in Ecuador, and then use the predicted length of participation derived from the duration model as the treatment of interest in a least squares equation. They find no evidence that participation translates into tangible benefits for farmers.
Studies using panel data tend to find more nuanced results. Carletto et al. (2011) use panel data and a difference-in-difference estimation to evaluate the long term impact of nontraditional agricultural exports on changes in household consumption status and asset position in Guatemala, taking into account the timing and duration of participation. On average, they find that welfare levels have improved for all households regardless of adoption status and duration, but the extent of the improvement varies widely across groups: households with longer term participation experienced the smallest increase in welfare, while early participants who switched out after the 1980s boom in export commodities achieved the best outcomes in terms of assets and housing conditions. Using similar methods, Michelson (2013) estimates that participation in the supermarket supply chain of vegetables in Nicaragua is associated with higher holdings of productive assets, but not of consumer durables or land. Muricho et al. (2017) use an endogenous switching regression model and correlated random effects estimation strategy, and find that agricultural commercialization significantly increases annual per capita household expenditure in Kenya. Meanwhile, Carletto et al (2017) find little evidence of a positive relationship between commercialization and nutritional status in Malawi, Tanzania, and Uganda. Finally, Muriithi and Matz (2015) find positive impacts of vegetable commercialization on welfare in Kenya, with sales for exports positively associated with increases in income, and sales for the domestic market associated with increases in both incomes and assets.
Agriculture and commercialization in Viet Nam
Agriculture has been a critical part of Viet Nam's development and structural transformation over the past thirty years (Glewwe et al., 2004; McCaig and Pavcnik, 2013) . Rice commercialization and exports are considered a success story of agricultural policy reforms (Goletti and Minot, 1997) . The 1986 Doi Moi reforms were followed by several land reforms transferring land use rights from collectives to individual households, and progressively increasing tenure security and duration, with significant impacts on investment, especially in irrigation (Bellemare et al., 2018; Markussen, 2017) , and on productivity (Newman et al., 2015) .
As restrictions on internal and external trade of agricultural inputs and outputs were relaxed in the 1990s, rice productivity increased substantially. Rice export liberalization is estimated to have increased average real income in the country and to have reduced, albeit slightly, the incidence and severity of poverty (Minot and Goletti, 1998) . Agriculture has also been a part of the decline in inequality over time (Benjamin et al., 2017) .
Increased connection to the world market also means higher exposure to its volatility. Vu and Glewwe (2011) analyse the welfare impacts of price changes until 2006, and find that, overall, the increase in food prices raised average household welfare. However, they find that higher food prices made most households worse-off. The positive average effect arises because the average welfare loss of net food purchasers was smaller than the average welfare gains of food sellers. Examining a much stronger increase in food prices, McKay and Tarp (2015) conclude that thanks to effective government policies, the majority of rice producers gained from the food price spike, increasing production levels and adoption of improved seeds.
Despite the overall positive role of agriculture in Viet Nam's development, important distributional concerns exist. Benjamin and Brandt (2004) find that agricultural liberalization and other reforms have benefitted farm households living in the South more than those in the North. Benjamin et al. (2017) highlight the deteriorating position of ethnic minorities compared to the rest of the population. McKay and Tarp (2017) confirm both geographic and ethnic heterogeneities in welfare improvements.
The transformation in Viet Nam's agriculture is not confined to the farm level. Agricultural value chains, especially for rice, are undergoing significant transformations, which may have important future distributional effects for producers. Reardon et al. (2014) argue that Viet Nam is in an intermediate position within the continuum between traditional and modern value chains. Some features typical of traditional value chains persist, such as the importance of intermediaries, especially traders, who continue to concentrate most of rice sales, while more modern rice value chains in China and India are characterized by significant disintermediation. Meanwhile, the retail sector is undergoing a process of fast modernization, with a rapid increase in supermarkets, driven by urbanization, rising incomes, and food security concerns of consumers (Mergenthaler et al., 2009; Moustier et al., 2010) .
The data
The data used in this study come from the VARHS, that collected data every two years between 2006 until 2016. The survey was undertaken in the rural areas of 12 provinces 1 by the Institute for Labour Science and Social Affairs (ILSSA) of the Ministry of Labour, Invalids and Social Affairs (MOLISA) in partnership with the Central Institute for Economic Management (CIEM) and was financed over many years by DANIDA. Further details on the survey can be found in Tarp (2017) . The analysis in this paper is based on the five-wave balanced panel from 2008 to 2016. In these five waves, 2,131 households were repeatedly surveyed. We begin here by presenting some descriptive analysis of the survey data set, before moving on in the next section to focus on the measures of commercialization and welfare that form the basis for this paper.
Agriculture is central to the livelihood strategies of rural households in Viet Nam: more than 80 per cent of households report at least some income from agriculture. Almost all households, however, combine agriculture with other income sources, of which the most important is wage income (McKay and Tarp, 2017) .
Across the survey years, households engaged in agriculture consistently have lower total and per capita incomes compared to non-agricultural households. However, between 2008 and 2016 they experience a much faster growth rate in incomes compared to non-agricultural households: 64 per cent in total household incomes, compared to 26 per cent among non-agricultural households, and 79 per cent in per capita incomes, compared to 42 per cent among non-agricultural households. Agricultural households are on average larger than non-agricultural households, with 80 per cent of them headed by a man compared to 66 per cent of non-agricultural households. Heads of agricultural households are younger than heads of non-agricultural households, and agricultural households also have more members in the active age range (15 to 60) while non-agricultural households have, on average, more elder members.
Rice continues to be the most important crop in Viet Nam, even though we observe a downward trend in participation in rice production over the five VARHS waves, going from 3 out of 4 households cultivating rice in 2008 down to 3 out 5 households in 2016. It is produced in all the provinces included in the sample, with the highest density in the northern uplands provinces of Dien Bien, Lai Chau and Lao Cai, where on average 90 per cent or more of households cultivate rice over the survey period. In comparison, other food crops are cultivated by a relatively smaller percentage of households. A third of households cultivate maize in 2008 and less than one fifth in 2016; one fifth of households cultivate potatoes in 2008 and less than one tenth in 2016. About one out of ten households in the period cultivate peanuts. At the same time, coffee is grown by only a minority (10 per cent) of households in three Central Highlands provinces: Dak Lak, Dak Nong, and Lam Dong. The trend is stable over time.
The share of households growing rice was highest in the bottom three quintiles of per capita food expenditure in 2008, but by 2016 it had become quite homogeneous across quintiles. The share of households selling some of their rice production follows an upward trend until 2014, and a decline in 2016. Meanwhile, the proportion of rice that is sold increases from 48 per cent to 62 per cent over the five waves. This increase is observed across quintiles, although with some differences in pattern: in the bottom two quintiles we observe the highest fluctuation in the proportion of output sold from one wave to the next, while in the top quintile the increase is steady throughout the survey period.
2 Rice cultivation is a stable activity; on average 85 per cent of households have grown rice three times or more over the period and many have grown rice in all five periods. More than half of these households have sold rice constantly in the five waves.
We define as ʻregular sellersʼ those households selling rice three time and more over the survey period, and as ʻoccasional sellersʼ those households selling rice once or twice over the survey period. We observe that regular sellers sell on average more rice (on average 50 per cent each year) than ʻoccasionalʼ sellers (on average 16 per cent). Regular sellers have on average larger landholdings, more irrigated land, and more plots than occasional sellers, while they are as likely as the others to have a land title (red book) for their land. Using irrigated land as the measure of land used for rice cultivation, regular sellers have significantly greater yields per square meter of irrigated land. After decreasing in 2010, yields increase until 2014 and then decrease again.
Regular sellers have significantly more income per capita than occasional sellers in 2012 and 2016. To some extent the statistical differences in income from crop cultivation between regular and occasional sellers is cancelled out by other sources of income, as total income and shares of income from crop cultivation are not statistically different between both types of sellers. Regular sellers get more of their income from wages in all years but 2014. Even if actively participating in the rice market, regular sellers depend greatly on wage activities for their welfare. As expected, regular sellers produce and sell more rice than occasional sellers. For both groups, however, we observe a mostly downward trend in both rice production and sales.
Although household sizes are not very different between regular and occasional sellers, the former have on average more working-age members and fewer dependent members (children and elders aged 60 or older) than occasional sellers. Regular sellers are more likely to be headed by a man than occasional sellers. Heads of regular sellers are on average younger than the ones of occasional sellers, and are more likely to identify as belonging to the main ethnicity (Kinh) than the occasional sellers. Over the panel period, occasional sellers are more likely to have received public and private transfers than the regular sellers. The former are more likely to be categorized as poor by MOLISA, the Vietnamese Ministry of Labour, Invalids, and Social Affairs. 
Nearest all weather road (km)
3.5 (9.8) 4.1 (13.1) 2.5 (5.7) 3* (5.6) 2.1 (6.4) 3.4*** (9.8) 1.7 (3.1) 2.4** (8) 1.4 (4.5) 1.9* (6.5) Notes: we define 'always sellers' as households selling rice more than 3 times in the 5 waves and 'one-off sellers' if they sell once or twice in the five waves. All values (income, sales, and inputs) are in real terms in thousand dongs.
For each row, the reported measure is the mean value for the variable and the t-test of the null hypothesis that this mean is equal to the mean for one-off seller.
CI 1 = rice sales over total produce values CI 2 = rice sales over total gross household income
Standard deviation in parenthesis.
* Difference in means that is significant at the 10% levels.
** Difference in means that is significant at the 5% levels.
*** Difference in means that is significant at the 1% levels.
Source: Authors' elaboration using the VARHS 2008-16 panel.
Method

Definition and measurement of commercialization
In this paper, we define commercialization as the sale of rice output. We use two measures of commercialization, similar to Muriithi and Matz (2015) and Von Braun (1994):
For each household i and time t, CI 1 measures commercialization as the gross value of rice sales as a share of total gross value of rice production; and CI 2 measures commercialization as the gross value of rice sales as a share of total gross household income. Aggregate summary statistics shown in Table 3 below show variability over time in both indices; in broad terms, sales relative to production increase over time (more rice is being sold) but sales fall relative to gross household income, implying that other forms of agricultural and non-agricultural income become more important over time. Both measures of commercialization are higher among regular sellers compared to occasional sellers. 
Definition and measurement of household welfare
Household welfare is a complex and multidimensional concept. First, a household is composed by various individuals, each with individual-specific preferences and access to resources. In this paper, we abstract from the discussion and measurement of intra-household welfare effects of commercialization and treat the household as a unit, because we do not have sufficient information on individual-specific measures of welfare and on how resources and earnings are distributed within the household. Second, welfare cannot be observed and measured in its complexity, and the approach in the literature on commercialization typically is to approximate the measurement of one or more of its dimensions through income, assets, food security, subjective well-being, or multidimensional poverty.
In this paper we focus on three complementary household welfare measures: income, food consumption, and assets. Income is measured as the log of income per capita and includes incomes from all productive activities of the household, including sales revenues from crop, livestock, aquaculture and forestry, revenues from own-account activities, salaries, plus rents, government and private transfers. Food consumption is measured as the log of food expenditure per capita. In each wave, the survey collects information on household consumption of main food commodities over the preceding four weeks (from purchases, own production, or other sources). Both income and consumption expenditures are adjusted for price differences over time and between provinces. The price adjustment over time for the income measure is made using the rural value of the consumer price index (CPI) at province level; and the adjustment over time for consumption expenditure is made using the province-level value of the food price index from the consumer price index. Both indices were supplied by the General Statistics Office of Viet Nam (GSO).
Assets are measured with an index that aggregates and weighs a wide range of household assets, estimated by factor analysis following Sahn and Stifel (2000) . Price information on certain assets may be unavailable or unreliable, so we construct the index aggregating categorical measures for ownership of productive assets (land, livestock), durable goods, human capital, and social/political connections. 4 The asset index is our preferred measure of welfare, because of its scope (including a wide range of physical and non-physical assets), because it tends to fluctuate less over the short term compared to incomes, and because, compared to income, it can make a direct contribution to future household productivity.
On average and throughout the period of analysis, households growing rice tend to have higher levels of assets, but lower levels of income and food expenditure per capita, compared to households that do not grow rice. And as seen in Table 4 , among rice producers, households who sell rice in a given year are significantly better off in all welfare measures compared to rice producers not participating in sales markets. Note: For each row, the reported measure is the mean value for the variable and the t-test of the null hypothesis that this mean is equal to the mean for households not growing rice or for households growing rice, from the mean of households not selling rice.
Empirical strategy
At each point in time, a household decides whether or not to sell rice based on the utility it expects to derive from each option. We assume that farmers engaging in commercialization are expecting their welfare to improve as a result of market participation, but we do not know which aspects of welfare a household believes will be improved. Moreover, the coexistence of regular and occasional sellers in the panel suggests that the benefits from commercialization are household-specific and time-varying. To understand the welfare impacts of rice commercialization, we estimate two models. Both models only include households who were growing rice consistently over the five waves.
As a starting point, we make the naïve assumption that the decision to sell rice is exogenous, that is, that there are no factors that simultaneously influence the decision to produce rice, commercialization, and household welfare. For each welfare outcome and commercialization measure, we use pooled ordinary least squares (OLS) to estimate the following equation:
Where is the measure of household welfare for household i in district d at time t; and is the index of commercialization K (CI1 and CI2) for household i in district d at time t. is the coefficient of interest, expected to be positive for each commercialization index, suggesting a positive association between commercialization and household welfare. Parameter is a time varying intercept, is a categorical variable to control for unobserved time-invariant district heterogeneity, and is the error term that, in this specification, we assume to be uncorrelated with the commercialization measure.
The vector includes a set of controls that we expect to affect household welfare outcomes. These include demographic characteristics of the household (size and age groups) and of the household head (sex, age, ethnicity, and education); dummy variables for the availability of other income sources (wage income, household enterprises, public transfers and remittances); and we include dummy variables to control for various types of past shocks to the household. We control for volume and quality of production by using the total area of land owned and the area of own land that is irrigated. We also control for household relative isolation, by including household distance from the nearest paved road. In the OLS model we also control for the proportion of households selling at the commune level to indicate communes more engaged in the market.
Commercialization decisions, however, are most likely endogenous. Unobserved individual or household characteristics that affect welfare outcomes, such as skills and motivation, may also affect the decision to sell rice. If households with better unobserved skills decide to participate in rice commercialization, Equation 1 would be overestimating the impact of commercialization on household welfare. Other sources of potential endogeneity are production decisions and household location, both of which may simultaneously affect commercialization decisions and welfare outcomes, and both of which may be correlated with unobserved characteristics that also affect household welfare.
To address these potential endogeneity issues, we exploit the panel nature of the data by using a fixed effect estimator, which controls for unobserved heterogeneity across households and helps address self-selection into commercialization, production and location decisions. The fixed effects estimator allows us to measure the effect of commercialization on welfare changes within households. Equation 1 thus becomes
Where controls for unobserved heterogeneity across households, and the district variable disappears as it is time invariant.
One of the key questions in the commercialization literature, however, is whether or not, and to what extent, the welfare impacts of commercialization are heterogeneous across groups. To explore heterogenous impacts, we estimate variations of equation 2 for the following sub-samples: households of Kinh ethnicity versus ethnic minority households; female-headed versus maleheaded households; households who are regular rice sellers (defined, as above, as those who sell rice in three or more of the years we observe), and households who are occasional sellers; and for households that sell to a trader or enterprise as opposed to selling private individuals.
Results
The sample used for our econometric analysis in this paper is based on all households who cultivated some rice in all five waves of the VARHS survey; this amounts to more than half the panel sample, 1146 households all observed at five points in time. Table 5 reports the results for the OLS estimation of the correlation between commercialization and the outcomes of interest. The first commercialization index, CI1, sales over total production of rice, has no statistically significant correlation with any of the welfare measures in this model. There is, however, a statistically significant association between the second commercialization measure and household income: a one percentage point increase in the index is associated with a 0.7 per cent lower income level, ceteris paribus. Households who earn more of their income from rice sales have slightly lower income levels, this reflecting the increasing importance of non-farm sources of income as households become better off. Other factors are also important in these models, with key factors being the area of land and irrigated land of a household, which is positively associated with all welfare measures, and remoteness in terms of distance from a road which is negatively associated with all welfare measures. Better educated household heads often have higher asset levels and female headed households seem to have higher per capita income levels. Having more females and males aged between 5 and 60 years is positively associated with assets (not a per capita measure) but negatively associated with per capita food consumption and income.
However, these results are likely to be affected by significant problems of self-selection and endogeneity, so we base our analysis predominantly on the fixed effects models, the results of which are presented in Table 6 . These models focus on welfare changes over time within households. In this case, holding everything else equal, an increase in CI1 has a positive and significant effect on household assets, but its magnitude is small. Increasing the share of rice sold (as a percentage of total rice produced) by 1 percentage point leads to a 0.003 increase in the household asset index (the mean value of this index over the five waves for these households is 0.284). No significant correlation is observed with food consumption or household income. Meanwhile, increasing household specialization in rice sales over time (CI2) leads to a decrease in household income per capita, on average and ceteris paribus. The magnitude of the fixed effects coefficients is very similar to the OLS estimation. No significant association is seen between CI2 and the asset index or food consumption. With respect to variables that we expect to influence welfare changes within households over time, we find similar effects to what we observed in the OLS model. Remoteness is associated with lower welfare levels; having a bigger area of irrigated land has a positive association with household welfare; and having more males aged 15-60 in the household is positively associated with asset ownership, but negatively associated with food consumption and income. Wage income, income from a household enterprise and receipt of private transfers are each strongly positively associated with all welfare measures and the magnitudes of these effects are large. Public transfers have smaller and less significant impacts on the asset index and food consumption, though not on income. The importance of private transfers suggests that migration is an important livelihood strategy for these households. Meanwhile, experiencing a natural shock such as drought or floods is associated with significantly lower household welfare. In contrast, experiencing other kinds of shock is associated with higher welfare in subsequent years, possibly as households respond to the shock by adjusting their livelihood strategies accordingly. Total area of land owned has a negative and significant correlation with all welfare measures, but its magnitude is very small. With respect to other socio-demographic characteristics, households whose head is older have systematically higher levels of welfare, regardless of the measure used. We find some evidence that higher levels of education of the household head are associated with higher levels of assets, but not with a significant change in income and food expenditure per capita. Kinh households have significantly higher levels of income and food expenditure per capita, but no significant difference appears with respect to assets accumulation. Meanwhile, female headed households tend to have slightly higher levels of income per capita, but not food consumption or asset levels.
The effect of commercialization on welfare changes within households is heterogeneous, however, depending both on household characteristics and on the aspect of commercialization one focuses on. Table 7 reports the coefficients on CI1 and CI2 estimated for the whole sample and for different sub-groups. Overall, our results suggest that two different roles of rice commercialization coexist.
On the one hand, households that progressively sell more frequently the rice they produce increases their assets over time, whereas this is not the case for occasional sellers. The impact of commercialization measure CI1 on assets is observed for male heads but not for female heads, and the magnitude of the effect is bigger for ethnic minority households compared to Kinh households. Surprisingly, perhaps, households selling directly to private individuals see their levels of assets increase over time, while this pattern does not appear for those selling to enterprises. Commercialization measure CI1 is also positively associated with income for non-Kinh households but not for the Kinh majority.
On the other hand, as the relative importance of rice commercialization in total household income (CI2) increases, its relationship with household income per capita is consistently negative, on average, and for all sub-groups of the population we analyse. In other words, we observe a decrease in household per capita income as household dependence on agriculture increases over time.
Households that only sell occasionally seem to be the ones suffering the largest short-term negative impact of dependence on rice commercialization. Meanwhile, household dependence on rice commercialization does not appear to have any significant relationship with household assets accumulation or food consumption. 
Conclusions
The analysis of welfare changes within households over time, using a balanced panel and a fixed effects model, allows us to draw some conclusions on the role and importance of rice commercialization among smallholders in Viet Nam. Three main findings emerge.
First, when we measure commercialization as the proportion of produced rice which is sold, we find evidence of a positive average effect of commercialization on assets, which is a measure of longer-term household welfare and also important for future household productivity. Meanwhile, we observe no significant effects in either income or consumption per capita, both measures of shorter-term welfare.
Second, this same measure of commercialization appears to have important differential effects. We observe a positive impact on assets accumulation for regular sellers but not occasional sellers, which is not a surprising result. We find significant positive effects of commercialization on assets accumulation for both Kinh and non-Kinh households, and for both female-and male-headed households; however, the effects are bigger among Kinh households, and among female-headed households. Thus, it is clear that not all households benefit equally from selling more of the rice they produce; and it is also clear that the benefits are seen in the longer-term measure of welfare, with households investing in more assets. Income or food consumption are not significantly affected.
Third, when we analyse commercialization as the importance of rice sales relative to a household's gross income, we find a different picture. A household may sell more rice over time, but its contribution to gross income may fall, as households diversify into other activities. An increase in household dependence on rice commercialization appears to have no significant impact on asset accumulation. Meanwhile, we find evidence of a significant negative effect on a household's overall income. This is consistent with the increasing importance of non-farm income for improving household welfare over time.
Overall, being able to progressively increase their participation in the rice market, and being able to do so consistently over time, appears to have played an important role in improving the welfare of rural households in Viet Nam. However, our results also suggest that diversification of income sources is important for improving household welfare over time, especially with respect to income.
